In this study, our main objective was to determine whether energy restriction (ER) affects the rate of oxygen consumption of mice transiently or lastingly and whether metabolic rate plays a role in the ER-related extension of life span. We compared rates of resting oxygen consumption between C57BL/6 mice, whose life span is prolonged by ER, and the DBA/ 2 mice where it is not, at 6 and 23 mo of age, following 40% ER for 2 and 19 mo, respectively. Mice of the 2 strains that consumed food ad libitum (AL) had a similar body mass at the age of 4 mo and consumed similar amounts of food throughout the experiment; however, the body weight subsequently significantly increased (20%) in the C57BL/6 mice but did not increase significantly in the DBA/2 mice. The resting rate of oxygen consumption was normalized as per g body weight, lean body mass, organ weight, and per mouse. The resting rate of oxygen consumption at 6 mo was significantly higher in AL DBA/2 mice than the AL C57BL/6 mice for all of the criteria except organ weight. A similar difference in AL mice of the 2 strains was present at 23 mo when resting oxygen consumption was normalized to body weight. Resting oxygen consumption was lowered by ER in both age groups of each strain according to all 4 criteria used for normalization, except body weight in the C57BL/6 mice. The effect of ER on resting oxygen consumption was thus neither transient nor age or strain dependent. Our results suggest that ER-induced extension of life span occurs in the mouse genotype in which there is a positive imbalance between energy intake and energy expenditure.
Introduction
Reduction in the amount of dietary energy intake, also referred to as caloric restriction, has been repeatedly demonstrated to significantly prolong the life span of some laboratory strains of mice and rats compared with those who consumed food ad libitum (AL). 5 Comparisons of a variety of age-related changes have been made between energy-restricted (ER) and AL rodents in an effort to identify the key physiological/biochemical processes that may mediate the life span extension effect of ER; however, in general, a vast majority of the age-related changes occurring in the AL subjects have been found to be either attenuated or retarded by ER (1, 2) . Consequently, the original goal of gaining insight into the nature of the mechanisms by which ER exerts its effect on aging has largely remained elusive. Retrospectively, it seems that the laboratory strains of rats and mice chosen for such comparisons are quite often those in which longevity is markedly extended by ER. The main limitation of such experimental models is that the age-related changes linked to the longevity extension effect of ER cannot be discerned from the more broad adaptations occurring in response to decreased energy intake. Thus, it may be useful to modify the conventional experimental design by the inclusion of a ''negative'' control, i.e. a strain whose life span is not prolonged by ER.
Despite repeated claims in the literature implying that ER extends the life span of virtually all species (3), there is considerable evidence that this effect is not universal. For instance, life span of the housefly is progressively shortened in proportion to the reductions in the amount of energy consumed by the AL flies (4, 5) . It was also recently shown that, contrary to some previous reports, if the amount of food consumption is properly quantified, ER has no life extension effect in Drosophila melanogaster (6) . In cohorts of mice derived from wild-caught ancestors, Harper et al. (7) did not observe a significant extension of life span following ER. Notably, the effect of ER on longevity of different strains of inbred mice is also selective. For instance, whereas the life spans of C57BL/6 and B6D2F 1 mice are extended by ;25-30% in response to a 40% decrease in energy intake, the same regimen has no demonstrable effect on the longevity of DBA/2 mice (8), suggesting that genetic background is a factor in determining the longevity extension effect of ER. It would seem that the inclusion of the latter strain as a negative control may help in distinguishing between the agerelated physiological/biochemical alterations, ostensibly associated with the mechanisms of life span prolongation by ER from those that are unrelated.
One hypothesis, initially proposed by Sacher (9) , is that ER prolongs the life span of rodents by lowering the rate of metabolism. The rationale was that: 1) survival time of poikilotherms and some mammals can be markedly prolonged by lowering the rate of energy expenditure; 2) the total amount of oxygen consumed by the AL and ER subjects is quite comparable, whereas the life span of the former is considerably shorter; and 3) in feral rodents, body temperature drops notably under conditions of food scarcity. More recently, lowering of the core body temperature by 0.3-0.5°C has been found to extend the life span of transgenic mice of C57BL/6 genetic background by up to 20% (10, 11) .
Nevertheless, the issue of whether ER lowers the metabolic rate of animals has remained mired in controversy, with different studies reporting no effect, an elevation, a transient, or a prolonged decrease in the rate of metabolism in response to ER (reviewed in 1,12). However, a broader and arguably more central question is whether the mechanism of life span extension by ER is inextricably linked to a reduction in metabolic rate and vice versa. The present study addresses these issues by comparing the effect of relatively short-and long-term ER on the rate of oxygen consumption between the C57BL/6 mice, in which the life span is prolonged by ER, and the DBA/2 mice, in which it is not.
Materials and Methods
Animals. All experiments were conducted in adherence with the NIH Guidelines for the Care and Use of Laboratory Animals and were approved by the University of Southern California Institutional Animal Care and Use Committee. Forty male DBA/2J and 40 C57BL/6J male mice, 8-9 wk of age, were obtained from the Jackson Laboratory and subsets of 28 DBA/2J and 31 C5BL/6J mice were used for measurement of rates of oxygen consumption. Upon arrival at the University of Southern California vivarium, they were housed individually (one mouse per cage) in polycarbonate cages with mesh tops. Prior to the initiation of ER, all mice consumed a standard NIH-31 diet AL and were kept on a 12-h-light/-dark cycle, with the light phase beginning at 0600. At 14 wk of age, one-half of the mice from each strain were placed under the ER regimen, which entailed a 10% decrease in the amount of food consumed by the mice during the first week, followed by 20% in wk 2, and 40% in wk 3 and thereafter. The ER mice were fed a vitaminfortified NIH-31 diet designed to equalize per mouse the amount of essential nutrients ingested to that of the AL mice consuming the standard NIH-31 diet (13) . The nutrient composition of the standard and fortified NIH-31 diets has been recently described by Ritz et al. (14) . The amount of food consumed by the AL mice was monitored throughout the study to maintain the level of food intake of the ER mice at 60% of the amount consumed by the AL mice. The rate of resting oxygen consumption was measured in separate age groups (6 or 23 mo) of the AL and ER mice of each strain (n ¼ 6-8).
Measurement of oxygen consumption. Mice were placed in a polycarbonate cylindrical respiration chamber (713 cm 3 ) and desiccated air, with carbon dioxide removed, was passed through the chamber at a flow rate of 500 mLÁmin
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. The change in oxygen concentration was determined at 5-s intervals using an Oxzilla Dual Absolute and Differential Oxygen analyzer (Sable Systems International). The rate of oxygen consumption was calculated over a 10-to 30-min period when the mouse was asleep, as indicated by inactivity, decreased rate of oxygen consumption, and stabilization of the recording line.
Prior to the measurement of oxygen consumption, the feeding time of the ER mice was shifted from 0800-1000 to 1600-1700 to preclude its effect on oxygen consumption. Two mice, 1 of each strain, were tested per day and the sequence of testing was alternated. Rates of resting oxygen consumption were normalized as per mouse, unit (g) body mass, fat-free/lean body mass, and organ weight (liver 1 kidney 1 heart 1 brain). Body weights were determined immediately before the mice were placed in the respiration chamber. Fat-free mass/lean body mass was calculated by subtracting 8 times the epididymal white adipose mass (EWAM) from the body mass, as described by Bishop and Hill (15) .
Statistical analysis. Body weight was considered in a 3-way, repeatedmeasures ANOVA, with strain and diet as between-groups factors, and age as a within-groups factor. Weights of the different tissues and measures of body composition, as well as rates of resting respiration (i.e. per whole mouse or per g body mass, lean body mass, and organ weight) were analyzed separately using 3-way analyses with strain, age, and diet as inter-group factors. Planned comparisons (individual contrasts) between the 2 strains, the AL and ER groups, and the 2 age groups were made using single degree-of-freedom F-tests and the error term from the overall analysis. The effect of ER on rate of respiration, standardized by the different criteria, was confirmed with regression-based adjustments using ANCOVA. In these analyses, respiration rate per mouse was analyzed considering either body mass, lean body mass, or organ weight as a covariate. Significance was defined as P , 0.05. Values given in the text are means 6 SEM. All statistical analyses were performed using Systat (version 8.0, SPSS).
Results
Effect of strain, age, and ER on the amount of food intake, body weight, and organ weights. The amount of food consumed by the mice was regularly monitored from 2 to 16 mo of age. The amounts consumed by the AL C57BL/6 and DBA/2 mice were quite similar and showed little variation as a function of age (mean food intake ¼ 3.99 6 0.1 g/d). From 4 to 23 mo of age, mice of both strains on the ER regimen were provided with 60% of this amount (2.4 6 0.05 g/d).
ANOVA in body weights of the mice indicated a 3-way interaction among strain, diet, and age (P , 0.001). This interaction was driven by inter-strain differences in the effect of age on weight under both dietary regimens (Fig. 1A,B) . Prior to the initiation of ER at 14 wk of age, the body weights of the 2 strains of mice were nearly equal. Subsequently, the AL mice had a significant increase in body weight that was equivalent in both strains until 8-10 mo. However, the pattern of weight gain and loss thereafter differed significantly in the AL mice of each strain. The C57BL/6 mice continued to gain weight up to the age of 15-16 mo, succeeded by a gradual decline (Fig. 1A) . In contrast, the body weights of the DBA/2 mice remained stable from 8-13 mo of age and then declined steadily until the age of 21 mo. After the age of 15 mo, the C57BL/6 mice on the AL regimen were 33-42% heavier than the age-matched DBA/2 mice. The mean body weight of AL C57BL/6 mice from 4 to 22 mo of age was 5.8 6 0.69 g, or 20% higher than at 4.5 mo of age. In contrast, the mean weight of the DBA/2 mice for the same period was ,2% higher than their weight at 4.5 mo of age (Fig. 1B) .
After the imposition of ER, the body weight of mice was significantly decreased, with the 2 strains maintaining nearly equivalent weights until 7 mo of age; thereafter, the body weight of the C57BL/6 mice on the ER regimen remained relatively unchanged, whereas it showed a small but significant decline in the DBA/2 mice maintained on ER. At 15 mo of age, i.e. ;12 mo after the imposition of 40% ER, the C57BL/6 mice weighed 14% more than the DBA/2 mice. The magnitude of the difference in the body weight between the AL and ER mice was quite similar (233% in DBA/2 and 238% in C57BL/6) at this age, although the mean difference in body weight was 43% greater in the C57BL/6 mice (214.6 6 0.87 g) compared with the DBA/2 mice (210.2 6 0.92 g). After 15 mo of age, the mean differences in body weights between the AL and ER groups became smaller in both strains, although this trend was more pronounced in the DBA/2 mice, in which the body weights of the AL mice became nearly equal to the ER mice around 21 mo of age. Compared with their weight at 4.5 mo, the DBA/2 mice receiving the ER regimen lost 2 6 0.18 g or ;10% of their mean body weight over 4-22 mo, whereas the C57BL/6 mice body weights did not change (Fig. 1B) . A noteworthy observation was that the body weights of the DBA/2 mice receiving the AL regimen and of the C57BL/6 mice receiving the ER regimen showed little net change during adult life.
Effect of ER on fat content and organ weights. Four different criteria were used for normalizing the rate of oxygen consumption, namely per mouse, per g body weight, per g fatfree/lean body mass (calculated based on the EWAM), and per g of the combined weight of heart, kidney, liver, and brain. EWAM and organ weights were determined at 6 and 23 mo of age in conjunction with the measurements of oxygen consumption. At 6 mo of age, when the 2 strains had similar body weights under the AL regimen, the EWAM was 28% higher in the DBA/2 than in the C57BL/6 mice ( Fig. 2A) . In contrast, in the 23-mo-old mice, the EWAM was 1.6 times greater in the C57BL/6 mice than in DBA/2 mice. At 6 mo of age, a nearly equivalent decrease in EWAM was evident in the ER group for each strain. However, by 23 mo of age, the EWAM of the AL-and ER-maintained DBA/2 mice was similar, whereas EWAM of the C57BL/6 mice under ER was 56% lower than the AL group. Analysis of the EWAM data indicated an interaction of age, strain, and diet (P , 0.026).
Organ weight was lower in the ER mice than in the AL mice at 6 mo of age and this effect was similar in both strains of mice (Fig. 2B) . However, at 23 mo of age, organ weights of the AL and ER groups differed significantly only in the C57BL/6 mice. The absence of an effect of ER on organ weight of the DBA/2 mice at 23 mo was attributable to an age-related decrease in organ weight in the AL DBA/2 mice. A similar age-related decrease in organ weight did not occur in the C57BL/6 mice. Analysis of the organ weight data yielded an age 3 strain 3 diet interaction that neared but did not reach significance (P , 0.06).
In addition to the combined organ weights, the weights of the individual organs were also determined in 11-14 mice of each strain, age, and diet condition ( Table 1) . During the period from 6 to 23 mo, the individual organ weights of AL C57BL/6 mice were unchanged for heart and liver but had small, albeit significant, increases for kidney and brain. In contrast, in the AL DBA/2 mice, there was a significant age-related loss of weight in Energy restriction and life span in mice 535 kidney, live, and brain, but not the heart. The effect of ER on the weights of the individual organs was quite similar in the DBA/2 and C57BL/6 mice at 6 mo of age. At this age, the mean weights of heart, kidney, and liver were 15-39% lower in mice receiving the ER regimen than their AL counterparts. The difference in brain weight for the 6-mo AL and ER groups was much smaller (,8%) and only significant in the DBA/2 mice. In the C57BL/6 mice, the ER-related differences in the individual weights of heart, kidney, and liver were also evident at 23 mo of age. As also suggested by the data for the combined organ weight, the differences in the heart and kidney weights between the ER and AL mice at 23 mo of age were relatively smaller in DBA/2 than in the C57BL/6 mice and there was no significant effect of ER on the liver weight of the DBA/2 mice. All ANOVA performed on the individual tissues revealed a main effect for the factors of diet and strain (P , 0.001). The analysis for the liver weight yielded an interaction of strain, diet, and age (P , 0.004).
The muscles from both hind-limbs were pooled and used as a surrogate indicator of skeletal muscle mass. In the AL mice at 6 mo of age, the hind-limb muscle mass was 29% greater in the C57BL/6 mice than in the DBA/2 mice, whereas by 23 mo, the 2 strains had a similar (10-12%) decrease in muscle mass. In the ER mice, at both 6 and 23 mo of age, the muscle weight of C57BL/6 was significantly lower (215 to 216%) compared with the corresponding AL mice; however, ER did not affect muscle mass in DBA/2 mice. ANOVA on muscle mass revealed a main effect of age and a strain 3 diet interaction (P , 0.025).
Effect of age, strain, and ER on rate of resting oxygen consumption. The resting rates of oxygen consumption were measured in different groups at 6 or 23 mo of age and normalized according to 4 different criteria: 1) per mouse (Fig.  3A) ; 2) units (g) of body weight (Fig. 3B); 3) lean body mass (Fig.  3C) ; and 4) organ weight (Fig. 3D ). At 6 mo of age, the resting rate of oxygen consumption per mouse was 21% higher in AL DBA/2 mice than in the AL C57BL/6 mice. The relatively higher rate of oxygen consumption in the AL DBA/2 mice was also evident when data were expressed in units (g) of body weight (17%), lean body mass (32%), and organ weight (10%; P ¼ 0.15).
Regardless of the criterion used for normalization, there was no apparent effect of age on oxygen consumption in the AL C57BL/6 mice. On the other hand, the rate of oxygen consumption decreased during the period from 6-23 mo in the AL DBA/2 mice when normalized as per mouse or lean body mass. According to these 2 criteria, oxygen consumption in the AL DBA/2 mice declined with age to the extent that it reached the level of the AL C57BL/6 mice by 23 mo. A similar pattern of agerelated decline contributed to a main effect of age for oxygen consumption/g organ weight (P ¼ 0.035). An age-related decline was not evident for the DBA/2 mice when oxygen consumption was standardized per g body weight. This discrepancy most probably reflected a disproportionate age-related loss in the body weight relative to the lean body mass or organ weight in these mice. The relatively higher rate of resting oxygen consumption of the AL DBA/2 mice at 6 mo than at 23 mo of age contributed to a strain 3 age interaction (in the absence of a 3-way interaction) when ANOVA were performed on values per mouse or lean body mass (all P , 0.004). Although a similar pattern was evident per unit of organ weight, the effect was relatively small and only the main effect of age was detectable (P , 0.035). Analysis of the rate of oxygen consumption/g body weight yielded a main effect of strain (P , 0.001), which is consistent with the relatively higher oxygen consumption in the DBA/2 than in the C57BL/6 mice at both ages.
According to all 4 criteria used for standardization, ER significantly decreased the rate of resting oxygen consumption in the DBA/2 mice at both 6 and 23 mo of age (Fig. 3A-D) . The magnitude of the decrease ranged from 14% in the young mice and 20% in the old mice/g body weight, and 43 and 35%, respectively, per mouse. The ER-induced decrease in oxygen consumption in the C57BL/6 mice at 6 and 23 mo of age was, respectively, 36% and 32% per mouse, 29% and 19% per g lean body mass, and 15% and 26% per g organ weight.
ANOVA of the rates of oxygen consumption, expressed as per mouse, units of lean body mass or organ weight, indicated a main effect of diet (Ps , 0.035) but not of diet 3 strain or age 3 diet 3 strain interactions (all P . 0.16). With 1 exception, these results were confirmed in analyses using lean body mass or organ weight as covariates for regression-based adjustment of oxygen consumption per mouse. A diet 3 strain interaction was detected (P ¼ 0.01) in the analysis of oxygen consumption with body weight as a covariate, whereas this interaction was not significant following the conventional ANOVA on oxygen consumption per g body weight.
Discussion
The C57BL/6 mice, which exhibit an ER-related prolongation of life span, and the DBA/2 mice, which do not, were compared at 6 and 23 mo of age following the imposition of a 40% ER regimen for 2 and 19 mo, respectively, to address the twin issues of whether ER lowers the resting rate of metabolism either transiently or stably and whether lowering of the metabolic rate is intrinsically linked to an extension of life span. Understanding the relationship among metabolic rate, ER, and longevity is deemed significant because of its relevance to the oxidative stress hypothesis of aging, which proposes that aerobic respiration entails the production of reactive oxygen species, perturbation of the redox state, and infliction of macromolecular oxidative damage, leading to the senescence-associated attrition of physiological fitness (reviewed in 16).
Resting metabolic rate accounts for ;50-70% of daily energy expenditure in homeotherms and is measured either as metabolic heat production or more frequently as rate of oxygen consumption or carbon dioxide production (17) . Because ER decreases the body mass and fat content, comparisons of rates of oxygen consumption between AL and ER rodents are generally normalized as a function of lean body mass or some other surrogate of metabolically active mass; nevertheless, the nature of the relationship between ER and oxygen consumption has remained controversial (discussed in 12, 18, 19) . Retrospectively, it seems that the controversy primarily stems from the assumptions made and criteria used for the estimation of the respective metabolically active, lean body masses of the AL and ER groups. Often, lean body mass is calculated as an exponent of the body mass or as body mass minus the fat content. However, the procedures for the measurement of fat/lean body mass by different investigators not only vary but also differ in the degree of accuracy and/or sensitivity (20, 21) . Although the fat-free/lean body mass is more representative of metabolically active tissues, it also has several limitations, as indicated by the results of the present and previous studies (12, 22) . Foremost, ER-related losses in the weights of different tissues and organs lack uniformity. For instance, in the present study, the effect of ER on the weights of different organs ranged between 26 and 233% in C57BL/6 mice and ;8 to 239% in DBA/2 mice at 6 mo of age, after 2 mo on the ER regimen, with the rank order: brain , skeletal muscle , heart , liver , kidney. Each of these organs/ tissues is known to have a distinct rate of oxygen consumption (23; reviewed in 24). Furthermore, the pattern of ER-related differences in organ weights varied with age and differed in the 2 strains of mice. Thus, comparisons of the rates of oxygen consumption between ER and AL mice based on the assumption that the weights of different tissues constituting the fat-free lean body mass are affected uniformly rather than variably by ER can lead to erroneous inferences.
One approach to mitigate these complications may be that a subset of organs, whose weights are either relatively little or similarly affected by ER, are used as a surrogate of metabolic mass. In the present study, the weight of the brain was found to be only slightly reduced by ER, whereas the losses in the weights of liver, kidney, and heart tended to be quite comparable (Table  1) . Moreover, on the basis of a comparison among 10 different indicators of metabolic mass to normalize the metabolic rates of AL and ER Fischer 344 rats, Greenberg and Boozer (25) inferred that combined weights of heart, liver, kidney, and the brain provided the most accurate estimate of metabolic mass. Accordingly, in the present study, the aggregated weight of brain, heart, liver, and kidney was included among the 4 different criteria used to standardize the rate of oxygen consumption. These organs are thought to be responsible for the majority of energy use during resting conditions (24, 26) .
Results of this study indicated that according to all 4 criteria used for normalization, namely per mouse, body mass, fat-free/ lean body mass, and organ weights, the rate of resting oxygen consumption, determined under conditions of physical inactivity, was lowered in both strains of mice and in both the young and the old mice after the imposition of ER for 2 or 19 mo. This finding implies that the effect of chronic ER on resting metabolic rate in these mice is long-lasting rather than transitory. Additional evidence that ER lowers the metabolic rate of mice chronically is that the daily mean core body temperature, a direct correlate of the rate of oxygen consumption, is lowered by 0.9-1.2°C in both C57BL6 and DBA/2 mice at 17-18 mo of age, after 13-14 mo on the 40% ER regimen (27) . It is an established physiological precept that ;95% of the energy expended by the body is derived from the reactions of oxygen with organic molecules and metabolic heat production is dependent upon the combined rates of cellular metabolism (17) . Thus, a decrease in the core body temperature in response to ER, which has been Energy restriction and life span in mice 537 observed widely (28) (29) (30) (31) (32) and over which there is relatively little disagreement, also supports the notion that ER tends to lower metabolic activity.
Although it is frequently supposed that ER ubiquitously extends life span of various mammalian and invertebrate species, there are several demonstrations to the contrary (4-8,33), suggesting that this phenomenon is selective and not universal. Thus, the question arises: why is longevity extended in some, but not other genotypes? Results of this study indicate that ER lowers the metabolic rate in both strains of mice, whereas the longevity prolongation effect is observed only in the C57BL/6 strain (8, 33, 34) . This finding does not imply that metabolic rate has no effect on the life span of the mice; rather, the issue being addressed is whether lowering of the metabolic rate invariably results in an extension of life span or whether ER-related extension of life span is due to the lowering of metabolic rate. A major difference between the 2 strains of mice used here was that although the AL mice of both strains consumed a similar amount of food/energy throughout life and had a similar body weight at 4-5 mo of age, the C57BL/6 mice gained and maintained more weight than the DBA/2 during adult life. During 4 to 23 mo of age, the C57BL/6 mice on the AL regimen sustained a mean body weight that was 20% (;6 g) higher than their weight at 4.5 mo, whereas the gain in mean body weight in the DBA/2 mice was insignificant. It is worth noting that, when considered over the period of adult life, the net change in body weight of the C57BL/6 mice on the ER regimen was equivalent to that of the AL DBA/2 mice (Fig. 1B) . A plausible explanation of this interstrain difference in energy balance under the AL regimen could be that compared with C57BL/6 mice, the DBA/2 mice have a relatively higher rate of energy expenditure, as indicated by the resting rate of oxygen consumption observed here and the core body temperature (27) . Our previous studies have shown that the rate of cellular respiration, measured in vitro, is higher in the DBA/2 than C57BL/6 mice (35). Thus, a major difference between the AL and ER mice and between the 2 strains is that the ER regimen tends to eliminate the positive energy imbalance in the C57BL/6 mice, indicated by gain in weight, whereas the energy balance remains relatively neutral in the AL DBA/2 mice.
A general question raised by the present study is why the life span is extended by ER in C57BL/6 but not in the DBA/2 mice. Although no cause and effect relationship can be established on the basis of this study, the results suggest some hypothetical possibilities. One is that chronic energy imbalance and the consequent gain in body mass and fat content result in relatively more severe age-related metabolic abnormities and oxidative stress in the AL than in the ER mice and this effect is more evident in the C57BL/6 because of the greater energy imbalance in this strain. There exists an incontrovertible body of evidence that chronic nutritional overloading and adiposity are associated with a variety of homeostatic perturbations, including the elevation of oxidative stress, dysregulation of insulin production and signaling, impairment of mitochondrial function, and release of inflammatory mediators by adipose tissue and liver (reviewed in 36,37). Our previous studies have shown that ER lowers the level of oxidative stress, as indicated by the glutathione: glutathione disulfide ratio and the amount of protein mixed disulfides (38, 39) . Furthermore, the age-associated decline in the glutathione:glutathione disulfide ratio was greater in the C57BL/6 mice than in the DBA/2 mice (35) .
To conclude, results of this study suggest that ER indeed lowers the rate of oxygen consumption in mice chronically rather than transiently, irrespective of its effect on life span. Although the amount of energy (food) consumption is similar in the 2 strains of mice, the C57BL/6 mice, whose longevity is extended by ER, have a relatively low metabolic rate and gain weight with age, whereas the DBA/2 mice have a higher metabolic rate, do not show a gain in the mean weight during adult life, and their longevity is not extended by ER. Taken together, these results suggest that ER-induced prolongation of life span occurs in a genotype that displays a positive imbalance between energy intake and expenditure. We provisionally hypothesize that the longevity extension effect occurs only when the implementation of ER serves to offset such an energy imbalance.
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